Supplementary materials
S1 SPEI calculation 
The SPEI R package version 1.6 was used to compute time series of Standardized Precipitation Evapotranspiration Index (SPEI), using the following input parameter setup:
scale = 2
kernel = unshifted rectangular kernel
distribution = log-Logistic 
fit = ub-pwm
ref.start = 1901  
ref.end = 2005

The drought index is derived from the climatic water balance: 
		
Where P is the monthly rainfall and PET is the potential evapotranspiration in month i. The latter has been computed with the Thornthwaite formulation. The k value, i.e. the time-scale over which D is aggregated, was set to 2 months. A log-logistic probability distribution function was subsequently fit to the time-series of D, where the parameters of the log-logistic distribution were computed with the unbiased Probability Weighted Moments method. The resulting probability distribution function of the D time series is expressed as:
   
[bookmark: _GoBack]where α, β and γ are scale, shape and origin parameters for the D values in the range γ > D < ∞. The SPEI are computed as standardized values of F(x). Thus, the average of the index is 0, and the standard deviation is 1. This allows SPEI time series to be compared over time and space. For a more detailed description of the SPEI and its computation, the readers are referred to Vicente-Serrano et al. (2010). 
S2 CMIP5/PMIP3 model performance   
Figure S1 shows a cross-validation of six selected CMIP5 historical simulations of continental temperature and rainfall against GPCP and CRU monthly mean observational estimates, focusing on the years 1979-2005. The overall biases of climate model ensemble mean simulations relative to observations for annual means are displayed in Fig. S1a. The individual models generally agree in both the sign and magnitude of the biases over the region of interest. There is a systematic overestimation of rainfall in most Scandinavia, in particular over northern Scandinavia and the Scandinavian mountain range. The wet bias decreases in the adjacent leeward low-altitude regions where there is a generally good agreement between model simulations and the GPCP observations. The temperature annual cycle (Fig. S1b), averaged across southern Scandinavia, is well represented by the model ensembles, although the model spread is slightly larger in winter than in the warm season. The IPSL-CM5A-LR and bcc-csm1 models generally underestimate temperatures in most of the months. In contrast, the annual cycles of southern Scandinavian rainfall (Fig. S1b) show a rather significant spread among the GCMs. All in all, there is a clear tendency of the models to underestimate precipitation compared to the reference observations; the multimodel mean underestimates the rainfall for all months except April. Deviations from the reference of around 30-40 % (especially in June-August) are not uncommon. Overall, the magnitude is best captured by CCSM4 and MPI-ESM-P. The characteristic unimodal distribution is apparent from the observations, with the yearly minimum in spring-early summer (April-May) and maximum in the winter (December-January). Few models (CESM1, MIROC-ESM) accurately captures the phase of the seasonal cycle; most of the GCMs have a yearly minimum in the mid of the summer season (CCSM4, IPSL-CM5A-LR, bcc-csm1).  
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Figure S1: Performance of CMIP5/PMIP3 models. (a) Bias for annual means in selected CMIP5/PMIP3 ensemble mean precipitation simulations with respect to the GPCPv2.2 dataset (Adler et al., 2003). The optimal value is 1, whereas a bias values above (below) 1 indicates a model overestimation (underestimation) of annual GPCP rainfall. Results are based on the first ensemble member. (b) Average 1979-2005 annual cycles of the southern Scandinavian temperature and precipitation from observations (GPCPv2.2 for rainfall and CRU TS2.33 for temperature) and the six CMIP5 models. Shading indicates one standard deviation range of model ensembles. The number of ensembles is given in parenthesis. 
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Figure S2: Growth variability inherent in the TRW network. Map of loadings of site chronologies on the first four varimax-rotated principal components (RPCs). The first four RPCs explain 69 % of the growth vribility in the network. The computation is based high-pass filtered tree-ring data over the 1792-1996 common period.  
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Figure S3: Site-specific tree growth response to drought. Correlation between tree-ring width and local monthly (y-axis) standardized evapotranspiration index (SPEI) computed over time-scales ranging from 1 month to 24 months (x-axis). All correlations are based on detrended data over the 1901-1995 common interval. Significant correlations (p<0.05) are outlined in contours.   [image: ]
Figure S4: Tree-ring reconstruction quality metrics. (a) Full 1901-1995 calibration R2 values; (b) split-period calibration R2 values; (c) split-period (1901-1948 and 1949-1995 period) verification R2 values; (d) Reduction of Error coefficient; (e) Coefficient of Efficiency. Individual grid point metrics are shown in grey and their mean in black.
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Figure S5: Covariability between instrumental temperature, rainfall and SPEI series. 
Point-wise correlation between gridded May-June average (a) temperature and precipitation; (b) temperature and 1-month SPEI, (c) precipitation and 1-month SPEI datasets. The analysis is performed over the 1901-2013 interval. Coloured areas represent a significant relationship at p < 0.05 (two-tailed). Precipitation and temperature datasets are from the CRU TS3.24 product, while the SPEI dataset is extracted from SPEIbase (http://sac.csic.es/spei/index.html). 
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Figure S6: Site-specific tree growth response to precipitation and temperature. Correlation between tree-ring width and local monthly precipitation (a) and temperature (b) in January to December (J-D) the year of tree-ring formation. All correlations are based on detrended data over the 1901-1995 common interval. Circles outline significant (p < 0.05, two tailed) correlations. Climate data are retrieved from the CRU TS3.24 product from the grid point adjacent to each tree-ring site.   
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Figure S7: Power spectral densities (multi-taper approach, 4 tapers) for the individual model SPEI simulations. Red and green lines indicate the 95% and 99% confidence limits. For all the models the analyses are based on the first r1i1p1 ensemble member, except for CESM1 for which 10 ensemble members are included.  
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Figure S8: Individual model simulations of regionally averaged temperature and precipitation. All data have been smoothed with a 50-year loess filter, and z-scored over the 850-2005 CE period. The CESM1 model results are based on an average of 10 ensemble members. All other model results include only the first r1i1p1 member.   
[image: ] [image: ]

Figure S9: Squared wavelet coherence and phase between last millennium CMIP5/PMIP3 simulated (a) rainfall and SPEI, and (b) temperature and SPEI. The arrows indicate the relative phase relationship between two series; right (left) pointing arrow indicates in-phase (180 degrees out of phase) relationship. Significant coherence at 95% significance level is shown as thick contour. 
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